Voltage-dependent inhibition of rat skeletal muscle sodium channels by aminoglycoside antibiotics.
Aminoglycoside (AG) antibiotics interact with numerous biological molecules, including some voltage-gated ion channels. The present study demonstrates that 4,5-disubstituted (neomycin class) and 4,6-disubstituted (kanamycin class) AGs inhibit whole-cell currents through cloned rat skeletal muscle sodium channels (mu1, Na(V)4.1). Increases in the amplitude of the step command reduced inhibition by extracellular AGs but increased inhibition by intracellularly applied AGs, indicating that the block was voltage dependent. Furthermore, intracellular neamine or sisomycin hastened the rate of macroscopic current decay at positive voltages. Extracellular solution containing sodium ions slowed the rate of current decay in the presence of intracellular sisomycin and decreased the apparent affinity of sisomycin from the intracellular side twofold. Current inhibition by extracellularly or intracellularly applied AGs was well fitted by the Woodhull model of pore block. The model indicated that most extracellularly applied AGs interact at a site that is an electrical distance of approximately 10-15% from the outside, whereas intracellularly applied neamine or sisomycin bind to sites that are approximately 49% and approximately 24%, respectively, into the electric field from the inside. Our data suggested that AG antibiotics induce a low-affinity, voltage-dependent block of mu1 channels.